Abstract: To determine the role of smoking in the development of pulmonary impairment in asbestos workers, 66 nonsmoking asbestos workers and 70 smoking asbestos workers were studied. Occupational and medical questionnaires, lung function and exercise test were conducted in all subjects. The frequencies of dyspnea and cough on questions were significantly higher in the smoking workers than those in nonsmoking workers. Similarly, FEV" FEV,IFVC and DLco were significantly lower in the smoking workers. Exercise performance showed that the smoking workers had higher index of dyspnea and lower breathing reserve, Vo2 and Vo2max than nonsmoking workers did. We concluded that cigarette smoking has marked effects on both of respiratory function and exercise performance in asbestos workers. Among them, smokers show more serious obstructive impairment in static lung function testing and more significant limitation during exercise.
of asbestosis and the general pattern of lung function is decreased lung volumes, normal airflow, and reduced diffusing capacity'. However, some investigators have implicated asbestos as a causative factor in the development of obstructive lung disease2' 3), but others have found that airway obstruction in asbestosis is mainly associated with cigarette smoking4 ' 5) . In China, most of workers exposed to asbestos are smokers. Thus, the coexisting adverse effects of cigarette smoking and asbestos may complicate the evaluation of respiratory function, as it is likely that functional impairment in some asbestos workers results in some degree from cigarette smoking as well as asbestos exposure. In the present study, we attempt to demonstrate the role of smoking in the development of pulmonary impairment in asbestos workers by comparing lung function and exercise performance between the smokers and nonsmokers.
SUBJECTS AND METHODS
A total of 320 male workers who were employees of a Chinese asbestos products manufacturer were examined in 1993 for evaluation of asbestos effects on pulmonary function. Chrysotile had been used to produce asbestos textile and asbestos shingle in this plant since 1950. The concentration of asbestos sampled in the areas of working environment where the workers often stayed had been measured since 1975, and the concentration of total asbestos dust almost always exceeded 4 mg/m3. The subjects selected in this study had to meet the criteria as follows: (1) no obvious roentgenographic evidence of asbestosis; (2) no marked evidence of concomitant cardiovascular diseases such as stroke, angina, or congestive heart failure and other acute or chronic pulmonary diseases. (3) with occupational exposure to asbestos at least for 3 years. Among 320 workers, 48 workers who were administrative persons or did some work not directly exposed to asbestos were excluded. In addition, 12 workers who were definitely diagnosed as asbestosis by the Panels of Pneumoconiosis Diagnosis and 6 who were suspected asbestosis on their chest radiographs were excluded. Those with pleural changes alone on their chest radiographs were not excluded in the study. Of remaining 254 workers, only 71 workers were never smokers. Excluded 5 workers with cardiovascular or pulmonary diseases, 66 nonsmokers accorded with the demand in the study. In selection of smokers, we excluded 35 ex-smokers and randomly selected 70 current smokers (at least 2 pack-years of smoking) without abnormal chest x-ray film. The smoking group has comparable means of age, height, and duration of asbestos exposure to those of nonsmoking group. No attempt was made to match the two groups by job title, symptoms and respiratory function. So a total of 136 workers were selected to analyze in the study. All the workers selected were not regularly exposed to other dust but asbestos. The state of the two groups was shown in Table 1 . Both groups were similar in age and height. Despite the fact that the weight and duration of asbestos exposure in nonsmoking workers were slightly higher than those in smoking workers, there was no significant difference between the two groups. For each worker, exposure to asbestos had lasted at least 3 years at the time of survey. Of the smokers, the amount of smoking was from 2 to 40 pack-years.
All subjects were performed occupational and medical questionnaires. The symptoms of respiratory system including dyspnea, cough and chest pain were recorded according to the questionnaire of British Medical Research Council6~.
Lung function tests (VC, FVC, FEY, and FEV1/FVC) were carried out using a water-sealed spirometer (Godart, The Netherlands) and single-breath diffusing capacity for carbon monoxide (DLco) based on the Epidemiology Standardization Project'. In determination of VC, FVC and FEV1, the subject was standing, and noseclips were used. The best of 3 values was chosen. The predicted values for lung function tests used in the study were those derived from Chinese healthy workers without exposure of dust and toxic factor8. The respiratory function values were adjusted for height and age of workers with regression equations and expressed as percentage of predicted values. But FEV1/FVC was expressed as the percentage of practical values.
Exercise testing was performed on a cycle ergometer. The ECG was recorded before exercise testing. Respiratory rate, heart rate and blood pressure in subjects were taken before the exercise. The progressive work test used 20-watts increments each minute for the bicycle ergometer subjects. The cycling frequencies were kept 60 c/min. The exercise was stopped when the subject indicated that he could no longer continue because of dyspnea, fatigue or other reasons, or when maximal exercise was achieved. The maximal exercise was considered being achieved when the subject performed load work up to 120 watts within 6 minutes. As soon as stopping exercise, the subjects were immediately taken respiratory rate, heart rate, blood pressure and recorded ECG once again. The data of exercise testing were recorded using a Godart Spirometer. The recorded data were minute ventilation (VE), maximal exercise VE (VEmax), minute oxygen uptake (Vo2), and maximal Vo2 (Vo2max). VE and Vo2 were measured in the first minute during exercise with load of 20 watts. Index of dyspnea (ID) was cal- All data were expressed as mean and 1 SD: We used t-test for comparisons of two groups, the chi-square test to compare ratios of frequencies, with P < 0.05 considered to be significantly different. We defined FEV1/FVC < 70% and DLco < 80% as abnormal criteria.
RESULTS

Clinical questionnaire:
More than 30% of workers for both groups complained at least mild dyspnea, cough and chest pain respectively, but the frequencies of the clinical symptom in the smoking group were higher than in the nonsmoking group (Table 2 ). There were 44 smokers complaining dyspnea against 30 nonsmokers. Forty-nine smokers and 23 nonsmokers complained cough. Thirty-seven smokers and 25 nonsmokers felt chest pain. Of these three clinical complaints, prevalence of dyspnea and cough was significantly different between the two groups.
Lung function tests: As shown in Table 3 , VC and FVC were lower in the workers who smoked, but the differences were not significant between the two groups. However, FEV1 and DLco were considerably and significantly lower in the smokers than in the nonsmokers.
The mean FEV1/FVC in nonsmoking asbestos workers was 74.6, while that in the smoking workers was 66.6 which was significantly lower than that in nonsmoking workers. For the nonsmokers, 13 had abnormal FEV1/FVC and 5 had lower DLco, whereas for the smokers, 39 and 16 had abnormal FEV1/FVC and DLco respectively (Table 4) .
Exercise testing: The degree of effort during incremental cycle exercise to maximum was similar in the two groups: the mean exercise value of 5.8 minutes and 116.2 watts was performed by the nonsmokers, while 5.6 minutes and 112.8 watts by smokers. The change of heart rate, blood pressure and respiratory frequency prior to and after exercise were not significantly different between the smokers and nonsmokers. However, ID were higher and BR, Vo2, and Vo2max were considerably lower in the smokers than in the nonsmokers.
The VE and VEmax were slightly elevated in the smokers but the difference was not significant between the two groups ( obstruction in asbestos workers'. Pearle13~ evaluated 88 shipyard workers with extensive asbestos exposure in terms of static pulmonary function and exercise performance and concluded that the cause of large airway obstruction in asbestos workers is almost always smoking. Yehuda's research4~ demonstrated that asbestos alone without the additional effect of cigarette smoking had no measurable effect on the function of the large airways. In this study, except the habit of cigarette smoking, the two groups were similar in age, height, weight and asbestos exposure. Although the weight is not closely related to pulmonary function, it may be associated with exercise performance14~, so we referred the weight in the study.
From the results of respiratory function testing in the study (Table 3) , we found asbestos workers who smoked had significantly lower FEV1, FEV1/FVC and DLco than did workers who never smoked, but VC, FVC had no significant difference between the two groups. In addition, the frequencies of abnormal FEV1/FVC and DLco in smokers were considerably higher than those in nonsmokers. This indicated that smoking had adverse effects mainly on FEV1, FEV1/FVC and DLco in asbestos workers. Cigarette smoking decreased FEV1, FEV1/FVC and DLco. This was similar with Yehuda's results in which cigarette smokers and non-cigarette smokers had much the same prevalence of abnormal FVC but very different prevalence of abnormal FEV1/FVC4~. In the previous study8, we compared lung function of asbestos-exposed workers with that of workers without dust exposure, and found that asbestos workers had significantly lower FVC and DLco. In the present study, we were able to distinguish the effects of cigarette smoking in asbestos workers and found that smoking was the major contributing factor to airway obstruction and further decreased DLco in asbestos workers. Effects of smoking on respiratory function were in accord with clinical complaints. Smokers had significantly higher frequencies of dyspnea and cough. It implicated that showed that in spite of nearly same degree of effort for both groups, ID, BR, Vo2, and Vo2max were significantly different between the smokers and nonsmokers, while VE' and VEmax were not. ID were higher and BR, Vo2 and Vo2max were considerably lower in the smokers than in nonsmokers. High ID and low BR expressed an insufficient ventilatory capacity for the increase of ventilatory demand during exercise. The findings showed that more serious dyspnea was present in asbestos-exposed workers who smoked. This was consistent with the results of complaints of dyspnea and pulmonary function testing. Although VE and VEmax in both groups were not significantly different, the mean values of them were slightly elevated in smokers. The increase in VE and VEmax was presumably due to an increase in dead space ventilation secondary to ventilation-perfusion mismatching16~. The smoking group had lower Vo2 and Vo2max. A low Vo2max in an asbestos-exposed worker may be attributable to pulmonary interstitial fibrosis. However, if the worker also smoked, he may instead be limited by heart disease or obstructive lung disease5~. From the different incidence of these disorders in our smoking and nonsmoking groups, we believe that smoking potentiated both of these disorders. The result in our study was similar with some other authors' findings5, 13)
In conclusion, cigarette smoking had marked effects on both respiratory function and exercise performance in asbestos-exposed workers. There were more serious obstructive impairment in static lung function testing and more significant limitation during exercise in asbestos workers who smoked. The results demonstrate the importance of separating the effects of cigarette smoking on lung function and exercise performance from those of occupational asbestos exposure, and the history of cigarette smoking deserves close attention in the evaluation of pulmonary impairment from asbestos exposure.
